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Drawings to Defino Syb system 


Contract NAS8-32:5.S 
Project: l-’lat Plate (!ol lector 

The following; Jru\.in 5 s are ri'quireu to define tlic swbsystem: 

1. Twin tul)in ,4 cross section 

2. lie alter assort) ly 

3. lJ-t)cnd 

4. Tubes for he.iJer t..kcofl’s and IJ-bcnds 

5. Stijiidanl straiy.lit bun!iat 

b. Collector asse:l)ly, top view, lengthwise cross section and 
widtlu. ise Cl OSS section. 

See Section 3 for drawings. 
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Spoci.’il lust ul 1 at ion and ^kl intcnanco Tools 


Contract NAS8-32253 

Project: Flat Plate Collector 

Part Number: Sf'OOl 

Nomenclature: Stiiiipson Clamp Kriver 


Description and Use: Ino tool consists of a short K'ti^th of 3/8" ID 

pipe with a S/lO" slot cut in one side, fasteneil to a liandle. The tool 
slips over tiie liPDM tuliiii” and is used to push Stimpson clamps over header 
nipples and l)-hends. 


Manufacturer: CALIAC ManuFacturini; Corporation 


Justification: Ihe best alternative using standard tools is to use a 

pair of pliers as a pushing tool with tlie claiirp between its grip. Apply- 
ing enough pressure to hold the clamps easily, however, damages the 
clan^JS, and the pliers tend to slip off the round shape of tl»e chimps. 
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Sii!)s/st oiii ll:i;.irds Aii;i lysis 


1, iclcnt i ficat ion anJ (!ontml ll.u.i I’tls . Tho souivos of .laiard ii\ the eul lector 

syb system are excess te...,)eratures aiul pressures i^ithin the pipiiiii and tubing, 
and tlie toxicity of tin* etliyleiie j;lycol Iieat transfer fluiil. The hazards are 
only to personnel and not to e«|uipi.\ent oi Inii Id inp.s -- the temperatures and 
pressures involved are not eiioiij^h to ignite, eollajise or otherwise 

damaijc equipment or buildings. The potential !iazai\ls to personnel, however, 
arc major as serious Imrns, or poisoning; could result from a malfunction. 

The strategy for managing excess tenii)eratu res and presstu'es is priiiiarily to 
relieve them before titey build up to an excess. Tiie use of a temperature 
and pressure relief valve in the syste.ii set at 22r)”!‘ and 10 l’''il accomplishes 
this objective. In addition, to minimize tiie risl oi’ luinis suffered from 
touching the cover j>aiiel whlei. iii,^ht reac.i tv) 1K:)“| -luring no flow conditions, 
signs will l)e reco:.!;.iendeil .■ben t!ie colleeii)r i :• i)perateil in areas sulijectcd 
to public traffic. I'he toxicity of tlie ...l)Cv)l is ..lanagi-d by tiie use of a 
basin to catch fluid vented froi.. t.;e t e.ipe lat ii re/p ressiire relief valve. The 
other source of glycol coat ami n. it i on -- leaking I’rom tlie collector or some 
other part of tlie sy..tem -- i. i I 1 lie i-anagisl liy tveomi.ieiuli ng periodic in- 
spection of the level i)l' glyciil in t'le s>-.leM. 

2, Residual Hazards. In a prop-rlv iiiitalled systei'; -- aiul it sluiulil be made 
clear that the ivlie!' valve and the eaten Iiasin .m-.t lie installed on site 
and a properly iiiaintaineil system, residual liazarils are lo... Those iiazards 
are comparable to hazards a-vsoe i at eil i.itli eoiuv at i ona 1 systc*i;>s -- tiie hazard 
of excess build up of Imt wate*' or steal.-- pres-ure in iiydronie lieating systems, 
or the risk of leaks from gas rtoves. 

5. Component !•' allure . Ihe ua 1 I iinct i »in of a l v“; ip*. ra tore/ ji res sure relief valve 
Will significantly increase t!ie hazaril of excess temperature and pressure. 
Similarly, the iiial I’unet i on of pij’iii',, tuhin-g, g.askets, fittings or valves, 
or improper installation will increase the hazard from the toxicity of 
glycol. 
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l*ri>tJtyjK‘ l>c‘sip.n Review Mata 


Contract NAS8-32253 
Project: Flat Plate (!ol lector 


Wo recomnend use of tlie followin;^ data at the prototype design review: 

1. Drawings: 

a. Twill lulling cross section 

b. Header assei.ibly 

c. H-bend 

d. Tubes I'or header takeoffs and b-beiuls 

e. Standard straight SUNJi/Vf 

f. Collector assembly, top view, lengtliwise ctxiss section and 

with wise cross section. 

2, Test data: 

a. Collector efficiency 

b. operating temperature and pressurt.' limits 

c. pressure drop thiougli system 

d. freece tolerance 

c. resistance to poiuling 

f. fail-safe performance 

g. water potaliility 

h. resistance to solar degradation of I'.l’DM 

i. resistance to fluttering by wind 


j . leakage 

k. ri'sistancc to thermal degradation 

l. resistance to structural ilamage 


ORIGINAL PAGEJB 
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Prototype Design Review Data (Continued) 


3, Analyses: 

a. noise :uiJ corrosion 

b. structural calculations 
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( lovi’ ni:nen t -H u rn i shed Instrumentation 


Contract NASS- 52 25 5 

Project: Flat IMatu Collector 


No g#ve rninent - t'u rn i sii Oil inst »'iii;k‘mi .it ivKi i required. 


OF POOR 


V^Gli IS 

qUAI^ 


[design Standards and Symbology 


Contract NAS8-32253 

Project: Flat Plate Colli‘ctor 


Ke use design standards and symbology of the American Society of 
Mechanical Engineers. Symbols arc publislicd in /Xmerican National Standard 
Graphical Symbols for Pipe Fittings, Valves and Piping. 


I 
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Verification I’la.n 


Contract NASS-3225.S 

I'roject: I'lat Plate (!ol lector 


C.\IAi\(! I'laiiu factor ing Corporation 
l:>() South Van Briuit Street 
Pnglevvood, N.J. 07o31 
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1 


1. Verification Matrix . See attached 

2. Test Hardware . To perform tests at our location we will use the following 
hardware: 

velometer - air velocity 
rotometer - flow rate 
potentiometer pyrometer - temperature 
pressure gauges - pressure 
pyranometer - insolation 
manometer - pressure drop 

This is all basic hardware for measuring the key parameters associated 
with plumbing and heating devices, except for the pyranometer, which is 
unique to the solar field. 

Other testing requiring hardware and expertise outside our range of ex- 
perience -- the chemical testing of water for potability, for example -- 
will be performed by outside laboratories. Testing to certify performance 
will be performed by an independent 1 at)oratory. 

3. Test Schedule and Location: 

Date Test Location 


Feb 

15 

Freeze tolerance of system 

CALMAC 

factory 

Mar 

1-30 

Potability of water run through 

Outside 

lab to be 



system 

determined 

Mar 

1 

Pressure drop tlirough system 

CALMAC 

factory 

Mar 

2 

Leakage 

It 

tl 

Mar 

8 

Resistance to ponding 

It 

tl 

Mar 

9 

Resistance to structural damage 

It 

tt 

Mar 

IS 

Resistance to fluttering by wind 

»l 

tl 

Mar 

p 2 

Fail-safe protection 

H 

tl 

Mar 

29 

Temperature and Pressure limits 

It 

It 

Mar 

1-15 

Collecto' efficiency 

It 

It 

Mar 

15-May 15 

Tliermal degradation and collector 

DSET, Phoenix, AZ 



efficiency 



All 

this testing will be done during tlie qualification 

stage. 

We have 


enough experience with tlic operating cliaracterist ics of the collector, 
based on earlier models we have used, not to need testing at the develop- 
ment stage, and adequate data is available to verify all interim per- 
formance criteria at the development stage. Testing at the qualification 
stage is related primarily to durability and particularly to our use of 
the EPDM tubing, which, since it is manufactured especially for this 
application, io unique. The tests for freeze tolerance, potability, 
pressure drop, leakage, temperature and pressure limits, thermal degra- 
dation, and collector efficiency all stem from the use of EPDM. The 
need to test resistance to fluttering and ponding, on the other hand, 
stems from the unique structural design of the system. The fail-safe 
test is a precautionary measure to insure meeting safety Requirements. 
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Testing at the acceptance stage should not be necessary, unless design 
changes are made following qualification testing. Our plan is to com- 
plete testing of all key areas liere at our plant as early as possible 
in the qualification stage and then have PSET verify our findings to meet 
the need for certification by an independent agency. 
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1. SIMM A MI t Y 

VERIFICATION METHOD: 2.'anai.y;:is 


3. INSI^HCTION N/A NOT APPLICAHl k 
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HERFOriiMANCE 

REQUIREMENT 


Subsystem Specification 


Interim Performance 
Criteria 

1.2.4 
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VfcmFiCATION PHASE 
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11 . 2.1 


11 . 2.2 


11 . 3.1 
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l^rcl iiiiiiiary Design Review Data 


tloiitract NASS- 3225 3 
Project: Solar Pump 


CALMAC Manufacturing Corporation 
150 South Van Brunt Street 
Bnglewbod, N.J, 07631 
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Drawings to Define Subsystem 


Contract NAS8-32253 
Project: Solar Pump 


Tlie following drawings are required to define the subsystem: 

1. Pump top view and cross section 

2. Vapor tube 


Special Installation and Maintenance Tools 


Contract NAS8-32253 
Project: Solar pu;np 


No special installation and mainteiumce tools are required 


Subsystem Hazards Aiiaiysis 


Identification ujiJ Control of Hazards . The sources of hazard in the 
pump subsystem are excess temperatures and })ressurcs wiluin the piping 
and tubing, and the toxicity of the etliylene glycol lieat transfer fluid. 
The hazards are hazards only to personnel and not to equipment or build- 
ings -- the temperatures and pressures involved are not high enough to 
ignite, collapse or otherwise, damage equipment or buildings. Tlie 
potential hazards to personnel, however, are major as serious bums, 
or poisoning could result from a malfunction. 

The strategy for managing excess temperatures and pressures is primarily 
to relieve them before they build up to an excess. Tlie use of a 
temperature and pressure relief valve in tlie system set at 280°F and 
28 PSl accomplishes tliis objective. In addition, to minimize the risk 
of bums suffered from touching the pump which might reach to 200“F 
during normal operation signs will l)e recommended when the pump is 
operated in areas subjected to public tratfic. The toxicity of tlie 
glycol is managed by the use of a basin to catcli fluid vented from the 
temperature/pressure relief valve. Tlic otiier source of glycol con- 
tamination -- leaking from tlie pump or some other part of the system -- 
will be maJiagcd by recommending periodic inspection of the level of 
glycol in the system. 

Residual Hazards . In a properly installed system -- and it sliould be 
made clear that tlie relief valve and the catch basin must be installed 
on site -- and a properly maintained system, residual hazards are low. 
These hazards ai'e comparable to hazards associated with conventional 
systems -- the hazard of excess build up of hot water or steam pres- 
sure in hydronic heating systems, or the risk of leaks from gas stoves. 

Component Failure . 'Hie malfunction of a temperature/pressure relief 
valve will significantly increase the liazards of excess temperature 
and pressure. Similarly, the malfunction of piping, tubing, gaskets, 
fittings or valves, or improper installation will increase the hazard 
from the toxicity of glycol. 
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lU‘si;.;n iUwicw Data 


Contract N'AS8-32J35 
Project: Solar l’u:;ip 


We recommeiul use of tiu* !'oIKn\inj; ilata at ilie 


1. Prawi n;is: 


a. i’ll top vie.. 

1). I’ui.ip, cross section 

c. v .ipoi' t nil..' 


2. Test data: 


a. i>per itiir, a*, r > ia.i.iiice (flou rale, 

vaj-iaus coi..l»i nit ions o. li.'uivl 
stea..i p r .'S >u ) 

b. T!ier:.ial dv-^radat ion 

c. bail-Sviie jk' rl o r' l.iiic^' 

d. !,eakai,e 

e. Vibrition 

f . '.tat c 1 - ,U)l ai) i 1 i ty 

3. An;i lyses: 

a. i\oise and con\>.. i an 

b. Structural ca 1 ci 1st i 


2 -S 


!‘.'tot}ae ilesipn review: 


pres sun* output for 
t t-s.iper.'t lire and 
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Design Standards and Symbology 


Contract NASS- 32253 
Project: Solar Pump 


We use design standards and symbology of the American Society of 
Mechanical Engineers. Symbols arc published in American National 
Standard Graphical Symbols for Pipe Fittings, Valves and Piping. 


C.o ve rniiicn t - I'u rnishoci Instrumentation 


Contract NAS8-322r>.'i 
Project: Solar Piiiap 


No govei'nment - I'ui’ii i .'heil iiist ruiiiont at i on 


origin alpag^ 
OF POOR QUALITY 


IS roqui roil. 
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Verification Plan 


Contract NAS8-32253 
Project: Solar Punqj 


CALMAC Manufacturing Corporation 
150 South Van Brunt Street 
Englewood, N.J, 07631 




1. Verification .’.atrix . See .ittached, 

2. Test Hardware . To perfor';i tests at oiir location we will use tlie followinij 
hardware: 

rotomcter - flow rate 
potentiometer pyi-oineter - tei;rpei*atui-e 
pressure jiau^es - pressure 
manometer - pressure drop 


These instruments are all !)asic hardware for measurinj; tlie key parameter 
associated witli plumbin'; a;ul lieatin:; devices. 


Other testing recpiiriiit; liardwaic and exiK'rtise outside or range of ex- 
perience -- tlie chemical testing of water foi- potability, for example 
wi 1 1 be performed 'oy outside laboratories. Testing to certify performance 
will be performed liy an i iule]>eiulent laboratory. 

3. Test Schedule and l.oaetit>n : 

Date Test Location 


Mar 1-30 

Mar 1-30 
Mar 8 
Mar 15 
Mar 22 
Mar 15-30 
Ap 1-30 


I’otaiiilily of waler run through 
system 

llic rma I deg l aJat ion 
Leakage 
V ibrat ion 

I’ai 1-saie performance 
Operating performance a"d limits 
Operating performance and limits 


Outside lab to be 
dote nil in ed 
i!ALM\C factory 

M It 

If II 

II II 

It It 

DSliT, Phoenix, AZ 


4, All this testing will i>o done during tne qua I i f i ca it on stage. 'Tltc critical 
problem in the case of the pui.ip is tiJe vievelopment of a design tliat will 
meet operating pei'foiaaance i\ qui rements -- pump ini; at specified pressures 
and flow rates -- not tiie deve I oin.ient oi' ilesigns that meet ruggedness and 
durability rcvpi i rement s . Solving tiiis problem in\H<lves analyzing different 
shapes and designs o!’ tiie cylinder cha'i:bei-, valves, vapor tube and so 
forth, and does not lend itself to testing. Once the ilesign is set and 
operating performance iVv|u i reiiKait s met, tlien we can test rigorously both 
the pump's operating cliaract e r i st i cs and its iiural»ility during the 
qualification stage. Unless design ciianges ilevelop during this period we 
can proceed readily to ce rt i f i cat i on i)y an outside angency (DSLT) towards 
the end of tlie qua 1 i f i cat ion stage. 
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3 
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2.8 
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3 

3 


2.8. 1 

1 

1 

3 


3.1 

3 

3 

3 


3.1.1 


3 

3 


3.1.2 

2 

3 

3 


3.2 

3 

3 

3 


3.2.1 

-> 

2 

3 


3.3 

3 

5 

3 


3.3.1 

2 

2 

3 


3.4 

3 

3 

3 


3.4.1 

2 

> 

3 


3.8 

3 

3 

3 


3.8.1 


y 

3 


3.9.1 

5 

• 

3 

3 


4.1 

5 

5 

3 


4.1.1 

3 

3 

3 


4.2 

3 

3 

3 


4.2.1 

1 

4 

3 


4.2.2 

3 

3 

3 


4.3 

3 

3 

3 
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